Energy -ray astronomy have been available for more than 30 years, it is only in the past decade (mostly in the EGRET era) that the disciplines have become viable with the production of veri able results. Well-established steady sources include the Crab Nebula, PSR1706-44 and Vela as well as the AGNs, Markarian 421 and 501. The early successes of EGRET were a catalyst and accelerated the development of advanced atmospheric Cerenkov telescopes. The useful symbiosis that has developed between space and ground-based -ray observations is the major subject of this review.
INTRODUCTION
The dramatic advance in -ray sensitivity in the 30 MeV to 10 GeV energy range realized by EGRET over its predecessors (SAS-2, COS-B) has been paralleled by advances in sensitivity in the Very High Energy (VHE) energy range from 300 GeV to 10 TeV by ground-based -ray telescopes. Although these latter advances have been incremental (and therefore less dramatic than the step increases seen in the launch of a new space telescope) they are, nonetheless, very signi cant and have turned VHE -ray astronomy into an observational science that exceeds the dreams of its early practitioners. Who could have foreseen in 1987 (when there were no convincing TeV sources) that by 1997 atmospheric Cerenkov telescopes (ACTs) would be recording TeV signals from extragalactic sources with 20 signi cance in less than an hour of observation 1,2]? Now, in fact these ACTs have been shown to have even better sensitivity than EGRET for sources with at spectra 3].
Not only has the quality of TeV observations increased but the successful detection of the Crab Nebula 4] has led to a sharp increase in the number of high quality VHE observatories. Conversely the early promise of Ultra High Energy (UHE) astronomy using arrays of particle detectors has not been ful- lled 5] ; the UHE range is usually de ned as the -ray region from 10 TeV to 10 PeV. No sources have been detected despite improvements in sensitivity, and there has been a marked drop in the number of UHE observatories, particularly at the higher energies.
The increased interest in VHE -ray astronomy ensures that, in the inevitable interval between the demise of EGRET and the launch of the next generation -ray space telescope, there will be ongoing activity in GeV-TeV -ray astronomy. Although the number of sources detected is still small, there has been a wealth of new phenomena which indicate that VHE ?gamma-ray astronomy is not merely an extension of MeV-GeV -ray but a viable discipline in its own right. The TeV -ray universe is populated by a variety of objects; it is dynamic and it is a challenge for theoretical interpretation.
TECHNIQUES
The earth's atmosphere is as impervious to photons of energy > 300 GeV as it is to photons in the CGRO range (100 kev to 30 GeV). However, at these very high energies, the e ects of atmospheric absorption are detectable at ground level (either as a shower of secondary particles from the resulting electromagnetic cascade or as a ash of Cerenkov light from the passage of these particles through the earth's atmosphere). As in the CGRO range, -ray observations > 300 GeV are severely limited by the charged cosmic particle ux which gives super cially similar secondary e ects and, for a given photon energy, is 10,000 times more numerous. It is not possible to veto out the charged cosmic ray background with an anti-coincidence shield. At rst sight it might seem impossible to do -ray astronomy with such indirect techniques. However there are small, but signi cant, di erences in the cascades resulting from the impact of a photon and a proton on the upper atmosphere; the electromagnetic cascade retains the original direction of the photon to a high degree, and the spread of secondary particles and Cerenkov photons is so large that a simple detector can have an incredible (by space -ray detector standards) collection area (> 10,000 m 2 ).
In practice, the most successful detectors are ACTs which record the images of the Cerenkov light ashes and which can identify the images of electromagnetic cascades from putative sources with 99.7% e ciency. These detectors were originally proposed in 1977 6] . The technology is not new (typically arrays of PMTs in the focal plane of large optical re ectors with readout through standard fast ampli ers, discriminators and ADCs) but the technique was only fully exploited in the past decade. Compared to high energy space telescopes such as EGRET, imaging ACTs have large collection areas (>50,000m 2 ), high angular resolution ( 0.1 ), relatively good energy resolution ( 20%), but have a small eld of view (FOV) (<5 ), a low duty cycle (<10%) and an irreducible background of di use cosmic electrons. Most of the results reported to date have been in the energy range 300 GeV to 30 TeV.
Above 30 TeV there are enough residual particles in the electromagnetic cascades that they can be detected at high mountain altitudes using arrays of particle detectors (scintillators or water Cerenkov) and fast wavefront timing 5]. These arrays have large collection area (>10,000m 2 ), moderate angular resolution ( 0.5 ), reasonable energy resolution ( 40%), high duty cycles ( 100%) and large FOV ( 1 sr); however, their ability to discriminate -rays from charged cosmic rays is severely limited. Despite the early promise of these experiments which led to a considerable investment in their development, no veri able detections have been reported yet by particle air shower arrays.
GALACTIC DISCRETE SOURCES Supernova Remnants: Plerions
TeV -ray detections have been reported of the plerions surrounding three of the pulsars detected by EGRET. There is no strong evidence for pulsed emission from the pulsars at TeV energies.
CRAB NEBULA
Although it was reported as a source of TeV -rays more than a quarter of a century ago 7], the steady emission of TeV -rays from the Crab Nebula only became credible following the development of imaging ACTs 4, 8] . Over the energy range from 300 GeV to 50 TeV, -ray emission has been con rmed by many groups 9{14] while in the UHE energy range, only upper limits have been reported 15{18]. Observations made over the last decade indicate no evidence for ux variability in the energy range from 400 GeV to more than 10 TeV, making this object a valuable standard candle for calibration purposes.
The spectrum of the Crab Nebula exhibits a remarkably broad dynamic range, spanning the energy range from less than 10 ?4 eV to at least 5x10 13 eV. Gould 19] postulated that the entire spectrum (then not even known to extend to X-ray energies) could be explained by a Compton-synchrotron model. From the lowest radio frequencies up to sub-GeV energies, the spectrum is dominated by the synchrotron emission of relativistic electrons with energies extending up to 1 PeV; these are now believed to be accelerated by the pulsar wind shock 20]. The GeV-TeV photons arise from inverse Compton scattering of synchrotron photons or other low energy photons (e.g. the microwave background) in the nebula by the relativistic electrons. Detailed models of the GeV-TeV nebula have been described by 21{23]. Over the dynamic range 500 GeV to 5 TeV the spectrum is well represented by a power law of the form J = (3:2 0:7):10 ?7 (E=1T eV ) ?2:49 0:06 0:05 m ?2 s ?1 TeV ?1 24, 26] . A recent observation by CANGAROO at low elevations provides data in the energy region > 7 TeV, which suggests that a power law spectrum might extend up to 50 TeV 25] . However, the air shower array limits at energies greater than 100 TeV fall below the extrapolation. If this linear power law is extrapolated to lower energies, it passes more than a decade above the upper EGRET point at 5 GeV. A form which is quadratic in Log (E) 26] satis es both the GeV and TeV data and is consistent with upper limits at energies greater than 100 TeV. This spectrum implies a magnetic eld in the nebula of 160 G, less than the equipartition value.
PSR B1706-44.
The CANGAROO group reported the detection of TeV -rays with a ux of 8 10 ?12 cm ?2 s ?1 27]. This detection has been con rmed by the Durham group at > 300 GeV 29] . The CANGAROO observations are consistent with a point source (angular size < 0:1 ) and corresponds to a luminosity of 3 10 33 erg s ?1 , which is 10 ?3 of the spin-down luminosity of the PSR B1706-44 pulsar. There is no evidence for pulsed emission at the 102 ms period of the pulsar. The emission of PSR B1706-44 is pulsed in the radio and high energy -ray band of the EGRET detection but unpulsed in the X-ray 0.1-2.4 keV range. The multi-band spectrum thus suggests that the radio and GeV emission originates in the pulsar magnetosphere, and a compact nebula is responsible for the synchrotron X-rays and the inverse Compton TeV rays. The pulsar appears to be located at an arc of the shell structure of the SNR; this is di erent than for the Crab Nebula where there is no shell. The X-ray luminosity, 1 10 32 erg s ?1 , is less than the TeV luminosity. If X-rays and VHE rays are from common progenitor electrons, the magnetic eld in the nebula must be as weak as 3 G 28].
VELA.
Evidence of VHE rays was found from the Vela pulsar direction by the CANGAROO group 30]. Over four years (1993-96), the ux was (2:9 0:5 0:4) 10 ?12 cm ?2 s ?1 above 2.5 TeV, with a statistical signi cance of 5.8 . The luminosity ( 6 10 32 erg s ?1 ) corresponds to 9 10 ?5 of the spindown luminosity. No pulsed emission was seen. The observed unpulsed VHE emission appears to be displaced from the Vela pulsar position by about 0:13 to the southeast direction from the pulsar (Figure 2 ). This is not due to a pointing or tracking error, as the telescope tracking is calibrated by observing bright stars in the eld of view of the telescope. The spatial size of the emission region is somewhat wider than the point spread function, which has a half width at half maximum of about 0.18 .
It is interesting to note that the position of VHE emission coincides with a bright spot in the soft X-ray distribution observed by ROSAT 31] , which can be thought of as the`birth place' of the Vela pulsar, when the proper motion is traced back 10,000 years (the pulsar's age). By assuming that the X-ray emission is of synchrotron origin, a comparison of X-ray and -ray intensities gives an estimate of the magnetic eld as low as 4 G at the birth place 30].
OTHER PLERIONS.
X-ray data from the ASCA and ROSAT satellites suggests that synchrotron nebulae are associated with most of the pulsars with the highest spin-down luminosities and/or at the closest distances 32]. The synchrotron X-rays guarantee that energetic electrons exist in such pulsar nebulae, and encourage the search for VHE -rays emitted by the inverse Compton process.
The only plerion detected by EGRET so far is the Crab Nebula. This fact may be explained if the magnetic elds in other nebula which contain the electrons of energy up to 100 TeV are weak but strong in the Crab Nebula. Because the synchrotron and inverse Compton radiation are peaked at the X-ray and TeV bands, respectively, for nebular magnetic elds much weaker than the Crab, the ux in MeV to GeV region is expected to be below the sensitivity of the CGRO detectors. This is similar to the case of the AGNs, Markarian 421 and 501 (see below).
The multi-waveband spectra of the three plerions seen at TeV energies, as well as their spatial structure, suggest signi cant di erences between the three, though the inverse Compton process is considered to be common for all. Spatially extended features will be common in most pulsar nebulae as well as for the ones associated with supernova remnants (SNRs). Current ACTs have limited sensitivity to sources with extended emission but those under development will remedy this.
Supernova Remnants: Shell-type
The canonical theory of cosmic ray origins suggests that they emanate in shell-type SNRs. High energy -ray observations can indicate which SNRs have a large content of relativistic cosmic ray hadrons, and TeV -ray observations, in particular, have the sensitivity and angular resolution to reduce background confusion. EGRET measurements of SNRs are not de nitive because the detector has low angular resolution at 100 MeV and measurements are masked by gas clouds. Collisions of cosmic ray nuclei with the interstellar medium result in the production of neutral pions which subsequently decay into -rays. These processes result in a secondary -ray spectrum which follows the primary cosmic ray spectrum at energies above 10 GeV up to 1/10 of the maximum proton energy of 100 TeV. Calculations 33, 34] indicate that the luminosity of nearby SNRs should be su cient for detection by the most sensitive VHE -ray telescopes. If there is a density enhancement from a molecular cloud, current ACTs and EGRET (1) where is de ned as the fraction of the supernova energy E SN converted into cosmic rays, d is the distance to the SNR, and n is the average density of the ISM around the remnant.
Assuming 0:15, a fairly conservative value for the average density of n 0:2cm ?3 and the canonical value E SN 10 51 ergs, gives a ux F(> 200 GeV) 1:6 10 ?11 (d=1 kpc) ?2 photons cm ?2 s ?1 . This ux lies close to the sensitivity limit of the current generation of TeV telescopes.
For several of the unidenti ed EGRET sources there is now evidence for an association with a SNR ( -Cygni, IC443 and W44 36]). Observations by ground-based experiments do not con rm the expected extension of the -ray spectrum 37, 38] . Some of these limits are listed in Table 1 . They lie a factor of ten below the predicted spectrum, but there is still signi cant uncertainty in the remnant parameters so that the canonical model is not yet in jeopardy. It is also possible that the EGRET associations with the SNR are incorrect.
Although not yet de nitive, the upper limits require that the source spectrum for IC443 and -Cygni be steeper than E ?2:4 ; this would imply that the additional steepening of the cosmic ray spectrum due to propagation e ects in the galactic disk should be ?0:3 rather than the preferred value of ?0:6.
Pulsars
Prior to the development of imaging ACTs the evidence for the detection of VHE and UHE -rays sources was based on time-varying features of the event rate, i.e. the detection of a pulsed signal modulated at the spin or orbital period of radio and X-ray pulsars, and/or the observation of a sudden increase of observed events presumably due to an episodic outburst. Several detections of pulsars were reported with marginal signi cances 39,41,40,42] but remain uncon rmed.
The most convincing detection, a steady pulsed signal from the Crab pulsar, was from the Durham group 43]; the observed ux was 1 10 ?11 cm ?2 s ?1 at 1 TeV. However this has not been con rmed by more sensitive observations which show that less than 5% of the total TeV ux is pulsed 11, 44] . At UHE energies, the large CASA-MIA experiment nds no statistically signi cant evidence for pulsed -ray emission at the Crab radio period, on an interval of one day or longer, based on analysis of 2.4x10 9 The upper limits for the TeV ux from the EGRET -ray pulsars are below the uxes extrapolated from the GeV region of EGRET detection assuming a power law spectrum of constant index. The emission from the pulsar magnetosphere seems to turn o or to fall o steeply in VHE region. It has been have argued 53, 54] that the pulsed component will extend to VHE energy in outer gap models.
Unidenti ed EGRET Galactic Sources
One of the most important EGRET results has been the discovery of 71 unidenti ed -ray sources. These sources may remain the major unsolved mystery left behind by the CGRO. Some of these sources have at spectra which will permit their detection at higher energies using ACTs. A detection at TeV energies would provide a better source location, the possibility of detecting a pulsar signal, and an opportunity to observe the source over a long period; it should then be possible to identify the source.
The unidenti ed sources can be subdivided into two groups depending on their distance from the galactic plane. Many of the 39 sources that lie more than 10 from the galactic plane are likely to be extragalactic. There is evidence for another class of source that is not associated with blazars, is not variable, and has a broad galactic distribution. There are also 30 unidentied sources within 10 of the galactic plane 55, 56] . Geminga-like pulsars are suspected to constitute a considerable portion of these unidenti ed EGRET
sources. An increasing number of the pulsars are found to be associated with synchrotron X-ray nebula, in which the inverse Compton counterpart will be at VHE energies. Detection of an associated nebula would provide a useful means of identifying the pulsar-powered sources.
Only a small fraction of these sources have been observed with ACTs; some upper limits have been published 57]. The next phase of TeV -ray astronomy will surely include a systematic survey of all of these sources coupled with a detailed investigation of the galactic plane.
X-ray Binaries and Related Sources
This population of compact galactic sources, in particular its two famous representatives, Cyg X-3 and Her X-1, dominated VHE and UHE -ray astronomy in the 80's, and played a crucial role in the renewed interest in ground-based -ray observations 1, 39, 41, 42] . Unfortunately, almost all the early reports about the detection of signals from these objects, both in the TeV and PeV domains, were not con rmed by later, more sensitive, observations 58{60]. Although, we cannot exclude a long-term variability of the -ray uxes, many reviewers treat the early claims about the detection of -rays from X-ray binaries with some skepticism 40, 5, 61] . Nevertheless, the jury is still out on the reality of this phenomenon and there are important new results from the X-ray binary, Vela X-1 62] and the cataclysmic variable AE Aquarii 63] . While the statistical signi cance of these TeV detections do not match the statistical standards set by imaging ACTs, they do merit further investigation. There is also the possible detection of GeV -rays by EGRET from the direction of Cyg X-3 64] (although without the 4.8 hour modulation that was characteristic of the early detections) and Cen X- 3 65] . Thus it is premature to draw a nal conclusion, and it would be wise to monitor these sources with current imaging telescopes in both hemispheres.
Further justi cation for observations of X-ray binaries by ground-basedray detectors comes from the recently discovered galactic superluminal objects GRS 1915+10 and GRO J1655-40. The relativistic motion of radio components in these hard X-ray transients may be common to many other luminous compact galactic binaries, in particular black hole candidates, as well as sources like Cyg X-3. The possible link between relativistic motion and accretion phenomena in these objects may provide a key insight into the nature of not only these objects, but also the engines of AGNs and quasars.
Di use Galactic Gamma Ray Background
Historically, interest in the di use -ray background appeared in the late fties in the context of the general problem of the origin of the cosmic rays. Detection of -rays above 100 MeV by SAS-2, COS B, and EGRET have already made an essential contribution to the current knowledge of distribution of cosmic rays (CRs) in the Galaxy. In particular, the recent EGRET measurements from the galactic disk show an excess in the GeV -ray ux, compared with predictions based on the assumption that the average spectrum of CRs throughout the Galaxy is represented by the local (directly measured) spectrum 66]. The hardening of the -ray spectrum can be interpreted (i) as a result of a signi cant spatial variation of the CR spectrum in the Galaxy 67], or (ii) due to an extra inverse Compton (IC) component of radiation (see e.g. 68]). Both suggestions have an important impact on predictions of di use VHE -ray uxes. 0 COMPONENT. In Fig.3 , we present the expected ux of 0 -decayrays (curve 1) in the direction of the inner Galaxy calculated for the local CR spectrum, and assuming the characteristic value of the hydrogen column density N H = 10 22 cm ?2 for latitudes jbj 10 . For comparison, we show the average level of di use -ray ux measured by EGRET from the inner Galaxy region at jbj 10 . There is agreement between the calculations and measured ux at 1 GeV. At the same time, the EGRET spectrum at higher energies seems to be harder than the predicted one. Formally, such a discrepancy can be easily overcome by assuming a harder (e.g / E ?2:5 ) CR spectra in the regions where the bulk production of -rays takes place (see curve 2 in Fig.3 ). Do we have a good justi cation for such an assumption ?
The propagation of CRs in the galactic disk on time-scales 10 7 yr implies an e ective mixture of contributions from individual sources/accelerators of CRs. Therefore, we should not expect a strong gradient of the CR uxes on`kpc' scales; such variations are quite possible on smaller scales. Indeed, assuming that CRs with total energy W p injected by a`typical' accelerator into the ISM, at the instant t reach a distance R, the mean energy density of CRs in the occupied region is w p ' 0:5(W p =10 50 erg)(R=100 pc) ?3 eV=cm 3 .
Thus up to 100 pc around the source with W p 10 50 erg, the energy density of relativistic particles at some stages, depending on the time history of particle injection and character of their propagation in the ISM, may significantly exceed the average level of the`sea' of galactic CRs, 1eV=cm 3 . If regions of high density massive clouds exist near the particle accelerators, we may expect enhanced -radiation. Speculating now that the main part of the observed di use -ray background is produced selectively, i.e. it is a result of radiation originating in regions which contain particle acceleration and massive gas clouds, we may explain the hard spectra of the di use radiation observed by EGRET above 1 GeV. Indeed, if -rays are produced at the interaction of a cloud with relatively fresh (recently accelerated) particles with spectra which have not yet su ered strong modulation (steepening) due to propagation (di usion) e ects in the ISM, the resulting -ray spectra should be signi cantly harder than the typical -ray spectra produced by the`sea' of galactic CRs. Such an assumption agrees with the correlation observed by the EGRET between the CRs and the hydrogen column density 66], which in the galactic plane is contributed essentially by giant molecular clouds (GMCs).
The crucial test for the hypothesis of di use GeV background being the superposition of the radiation of GMCs would be the direct detection of individual GMCs. One of the principal parameters which determines the visibility of a GMC in -rays is M 5 =d 2 kpc , where M 5 is the di use mass of GMC in units of 10 5 solar masses, and d kpc is the distance to the cloud in kpc. The`passive' GMCs submerged in the`sea' of galactic CRs can be detected in -rays at the level of the EGRET sensitivity if M 5 IC -rays. The excess above a few GeV can be explained also by the IC photons. This hypothesis requires a rather bold assumption about the uxes of CR electrons. This is seen in Fig.3 , where the IC -ray ux (curve 3) calculated for the locally observed CR electron spectrum 70] is less, by a factor of 10, than the measured -ray ux. Thus, in order to explain the EGRET spectrum at 1 GeV by the IC mechanism, one has to accept that the average ux of CR electrons at energies above 50 GeV exceeds by an order of magnitude the locally measured electron ux. In fact, this should not be considered an extraordinary assumption. Due to the severe radiative energy losses of VHE electrons during their di usion in the ISM, we can see only those particles which are produced within nearest the 100 pc region 70,71]. Formally, this gives signi cant freedom for speculation about the average galactic ux of VHE electrons. Porter & Protheroe 68] emphasized that such an assumption may result in VHE -ray uxes exceeding the contribution of 0 -decayradiation. This possibility is demonstrated in Fig.3 where the IC uxes ofrays (curve 4) are shown for some hypothetical average equilibrium spectrum of galactic electrons with spectral index 3 at energies above 50 GeV, and with a attening below 50 GeV (in order not to contradict the synchrotron radio measurements).
The predictions of di use VHE -ray uxes of the galactic disk are still below the upper limits set both at TeV and PeV energies 60, 58, 72] . If the sensitive upper limits by CASA/MIA rule out noticeable hardening of the CR proton spectrum and/or of the very high electron uxes continued well beyond 10 14 eV, the current upper limits at TeV energies are signi cantly above predictions. New stereoscopic systems of imaging ACTs will be able to probe the predicted range of di use uxes shown in Fig.3 . FIGURE 3. Di use galactic -ray uxes produced in interactions of cosmic rays with interstellar gas ( 0 -decay -rays), and starlight and 2.7 MBR photons (IC -rays). In calculations it is assumed that the CR protons and electrons have power-law spectra with exponential cuto s at E c = 100 TeV.
TEV EMISSION FROM EXTRAGALACTIC
OBJECTS. Active Galactic Nuclei.
The success of EGRET in opening up AGNs, in particular, blazars, to exploration in the MeV-GeV energy range, drew attention to the possibility of studying at TeV energies. Blazars are characterized by highly variable, broadband continuum emission. The radiation is dominated by emission from the jets viewed at small angles of to the jet axis. BL Lacertae (BL Lac) objects are a sub-class of blazars characterized by weak or absent emission lines; so far they have only been detected at small redshift. The characteristics of such close BL Lac objects may prove important in the overall understanding of AGNs. TeV observations of BL Lacs have a fundamental role to play in determining the total spectral energy distribution (SED) and the nature of the emission process which, in some cases, spans in excess of 18 orders of magnitude in frequency. Because the SED of nearby BL Lacs is often very at in the -ray range, measurements made with ACTs have comparable signalto-noise to those obtained by any instrument on CGRO; this has been one of the most surprising results to come from VHE -ray astronomy. (Figure 4 ).
An intense multi-wavelength monitoring campaign was undertaken at radio, optical, extreme UV, X-ray, >100 MeV and >300 GeV energies during the interval April 20 to May 17, 1995. The TeV and X-ray light curves showed strong correlation at zero relative phase shift with a ux doubling time 1 day and an overall decline with a timescale 1 week (Figure 5(a) ). EUVE and optical data also showed correlation with the -ray data 77]. Maximum correlation of the X-ray/ -ray data with the optical and EUVE data occurs when a time lag of one day is allowed for at these latter wavelengths. During this interval the MeV-GeV ux of Mrk 421 was below the detection threshold of EGRET. The multi-wavelength SED for Mrk 421 shows the familiar double peaks seen in many AGNs but shifted to higher energies 78].
Extensive monitoring of Mrk 421 during 1996 resulted in the detection of two dramatic TeV ares in May 2] ( Figure 5 ). The rst are, on May 7, lasted more than 2 hours. During the are the -ray rate increased uniformly from 5 events per minute at the onset of observations to a peak value of 14 events per minute. The average -ray rate for Mrk 421 during 1996 (excluding the nights 1997, Mrk 501 often exceeded the Crab Nebula rate by a factor of ve, at energies in excess of 300 GeV (Figure 6(a) ). The SED of Mrk 501 during this epoch was also remarkable 82]. The rst of the two peaks is shifted to much higher energies and, if interpreted as a synchrotron distribution, it implies that the electrons have a higher maximum energy than those in any other AGN.
1ES 2344+514.
Evidence for TeV emission from a third AGN, the BL Lac object 1ES 2344+514, was obtained by the Whipple collaboration in the winter of 1995 86] . Like Mrk 501, this object was observed as part of a campaign to search for TeV emission from nearby BL Lac objects (z < 0.2). Most of the evidence for emission from this object comes from one night of observations when a 6 excess was detected in 1.5 hours of observations.
If blazars are to be observed at TeV energies, they probably have to be located at redshifts of less than 0.2, otherwise pair production interactions with the intergalactic background light will cause signi cant absorption of the -ray beam 87{89]. To date, three blazars have been detected at TeV energies, Mrk 421 74], Mrk 501 3] and 1ES2344 86] , and all three are designated X-ray selected BL Lacs (as distinct from the radio-selected BL Lacs).
As yet there have been no con rmed detections of -rays from AGNs at energies > 10 TeV using air shower arrays, despite a number of searches 90{93].
TeV observations will seriously constrain these models by the necessity to explain (a) the production of TeV and higher energy -rays; (b) the shape of the full energy spectrum; (c) the correlations in emission between X-rays and TeV -rays; (d) the short-term time-variations. There are not su cient TeV observations yet to con dently select any particular model.
Other Galaxies. There have been extensive TeV surveys of other classes of extragalactic objects, all of which have produced negative results. Most of these were performed using pre-imaging Cerenkov systems or early vintage imaging systems and are summarized elsewhere 1]. One possible exception is Centaurus A (NGC 5128), a very luminous elliptical galacxy with an AGN-type compact source at its center. This AGN also exhibits both radio and X-ray jets. Three years of observations of this object (1972) (1973) (1974) It is probably signi cant that although EGRET and ACTs together have detected more than 60 blazars, they have not detected a single Seyfert, radioquiet quasar or radio-galaxy. The jet phenomenon and its alignment appears to be central to the issue of detecting -rays, at both GeV and TeV energies.
Since nearby starburst galaxies such as M82 and NGC 253 clearly give rise to a large number of supernovae and accelerate cosmic rays to very high energies, they must be considered as reasonable candidates for detection of -rays. Only upper limits have been obtained on these objects by EGRET at energies 100 MeV. Neither M31, the next closest galaxy to our own after the LMC and SMC, nor the giant elliptical galaxy M87, have been detected by EGRET. There is still a strong scienti c case to be made for long-term observational campaigns on extragalactic objects such as M31, M82, M87 etc. using imaging ACT systems with improved ux sensitivity.
Probing the Extragalactic Di use Background
The extension of the spectra of at least two extragalactic sources, Mkn 421 and Mkn 501 well beyond 1 TeV opens a new exciting aspect of -ray astronomy { observational cosmology. The absorption features in the -ray spectra of distant extragalactic sources due to the interaction of primary VHE -rays with the di use extragalactic background radiation (see e.g. 87, 88] , and references therein), as well as the secondary pair cascade radiation 100{102], contain unique cosmological information about the intergalactic photon and magnetic elds, and their evolution in time.
Assume that -rays are emitted with an initial spectrum J 0 (E) from a source at a distance d. An observer looking within a narrow cone centered on the source will see an absorbed spectrum J(E) = J 0 (E) exp(? ). The optical depth (E; d) due to -pair production on isotopically distributed photons of density n( ) may be presented in a convenient ). Formally, this upper limit may be extrapolated to shorter (optical) wavelengths by assuming an a priori power-law background photon spectrum with di erential index p > 2 (e.g. 105]) and thus we get more valuable (restrictive) information about the DEBRA. However given the strong energy-dependence of the pair production cross-section, this hardly can be justi ed. The model-independent constraint, for example at 3 eV, comes only from the apparent lack of intergalactic absorption feature at E 300 GeV. In the case of Mrk 421 and Mrk 501, this implies a rather high upper limit u 4 10 ?2 eV=cm 3 . A deeper probe of the DEBRA at optical wavelengths is contingent only on the discovery of high redshift ( 0:1) VHE sources. In this case, extraction of information about the DEBRA at the present epoch requires an additional model assumption about the time history of evolution of DEBRA. Note that the law (1 + z) of the infrared background is determined, rst of all, by the epochs of the galaxy formation, and thus has a much more complicated time history. On the other hand, if`intergalactic' cuto s in the spectra of many distant AGNs (at di erent redshifts) are discovered, the -ray observations will be able to address this important cosmological issue as well. Obviously these interesting possibilities can be successfully utilized only in the case of accurate spectroscopic -ray measurements, as well as good understanding of the intrinsic source spectra. The last condition seems to be crucial, especially since the lack of cuto in -ray spectra still does not automatically imply an absence of intergalactic absorption. Interestingly, some DEBRA models predict a modulation, rather than cuto , in the energy spectra of nearby AGNs (d 100 Mpc), at least up to 10 TeV. Such modulation makes steeper the primary spectrum, but still keeps it in the power-law form. From this point of view, the above VHE -ray upper limit on the DEBRA density may not be signi cant.
BURSTS
A feature of -ray astronomy has been that as the energy is increased there is an increase in the degree of temporal variation. As seen above, in AGN studies, TeV variations with doubling times as short as 15 minutes have been observed. It would not be unexpected that TeV -ray bursts would be observed, either as the tail end of classical -ray bursts or as a manifestation of a new phenomenon.
There are a number of exotic suggestions that justify a search for -ray bursts at TeV energies. These include emission from the decay of primordial black holes(PBHs) 106] and cosmic strings. Most models predict a nal explosion of energy when all possible evaporation channels are available, but the number of degrees of freedom of emission is a highly controversial issue 107]. Upper limits have already been set to the PBH density by atmospheric Cerenkov and air shower array experiments under various assumptions (e.g.
108,109]).
Predictions have been made that (i) non-conducting cosmic strings acquire cusps that are smoothed out by emitting bursts of TeV -rays over ill-de ned time-scales 110] and that (ii) superconducting strings with a saturated current produce a jet of fermions which decay to TeV -rays over a 1 second period 111]. In general these predictions have su cient free parameters that non-detections are not serious limitations; however the exciting new physics that a positive detection would indicate fully justify the search for new burst phenomena as TeV detectors are developed with improved ux sensitivity.
Since August 1992, the Whipple collaboration has searched for bursts on a one second time-scale, both on-line and in the archival data-base. The number of bursts of 3 or more per 1 second was compared with the expectation value and no signi cant excess was obtained over the 4 years of the data-base 113].
Although the serendipitous overlap of an atmospheric Cerenkov telescope with its limited eld of view with a classical BATSE-detected burst is unlikely, there is some hope of detecting the delayed high energy component seen in some bursts. It is possible to make rapid follow-up observations of BATSE bursts using source positions distributed on the BACODINE network. The e ectiveness of these observations is limited by the restricted duty-cycle of ACTs, by the imprecise position locations of the bursts, by the slew speed of the telescope and by its limited eld of view. Nonetheless observations by the Whipple Collaboration of 16 BATSE positions, one acquired within two minutes of the reported BATSE burst time, have been reported 112, 114] . However in no case did the FOV of the telescope overlap the complete error box in source position uncertainty. No evidence of TeV emission is found and upper limits to the high-energy delayed or extended emission were derived based on assumptions of the source positions.
FUTURE PROSPECTS
It is di cult not to be upbeat about the immediate and long-term future prospects for VHE -ray astronomy. Every astronomical discipline has a point in its history when it achieves a threshold of sensitivity, a threshold where the sources rst exceed the observational sensitivities. After that the discipline usually develops rapidly. At energies above 300 GeV (and up to energies of at least 10 TeV) that threshold has been achieved with both galactic and extragalactic sources detected. Since only a small section of the sky has been viewed, and at least some of the sources are variable there is the promise of many more sources as the sky is explored with current instrumentation.
But signi cant progress depends on the development of new instrumentation and new observational techniques. These are already under consideration and, in some cases, construction. Several di erent approaches will be attempted simultaneously. The reduction in threshold below 100 GeV will be achieved with the conversion to ACTs of existing solar facilities in the USA (STACEE) and France (CELESTE) and the construction of large single re ector imaging ACTs (MAGIC). Complete sky coverage, with good sensitivity to bursts and transients, will come from air shower arrays like the water Cerenkov detector (MILAGRO) in New Mexico and expanded high altitude particle arrays like that in Tibet. Facilities consisting of conventional ACTs that will build on the imaging principle and will operate as state-of-the-art VHE -ray observatories into the next millennium include VERITAS, an array of nine 10m telescopes in Arizona, and HESS, an array of 4-16 10m telescopes that may be built in Spain or Namibia. The power of such arrays to increase the angular resolution and to reduce the cosmic ray background has recently been demonstrated by the HEGRA group in observations of the Crab Nebula (Figure 6(b) ) 115].
With the death of EGRET there will be a hiatus in GeV -ray astronomy until the development of the next generation of space instruments (such as GLAST). Fortunately ground-based -ray facilities will continue to operate and will maintain the momentum in high energy -ray astronomy. More importantly, they will demonstrate that VHE -ray astronomy has become an important component in the study of ?ray astrophysics. 
